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Introduction to the Impact Assessment47
48

The proposed amendments to the Federal Performance Standard for Diagnostic X-ray Systems49
and their Major Components  (the Standard) will not significantly alter the manufacturing50
processes or distribution of diagnostic x-ray systems.  The proposed new requirements will not51
require any significant changes, from an environmental or other standpoint, in the technology,52
manufacturing processes or use of natural resources during the production of x-ray equipment53
from current uses or practices.54

55
The proposed changes to the standard will add additional requirements that manufacturers of56
fluoroscopic equipment must design systems to meet.  These requirements address new57
performance features which compliant systems must provide.  In many cases, this will require58
some redesign of certain aspects of the system.  The costs of any additional required features will59
very likely be passed on to the purchasers of these systems as increased costs.  These costs to60
manufacturers will be of two types.  The first are non-recurring costs associated with the61
development of new equipment designs to provide the required performance and features,62
including any new test instrumentation and administrative overhead associated with the63
regulatory processes and submissions for the new designs.  The second cost is the increased cost64
of materials and production to provide the new features on each x-ray system marketed.  Both of65
these costs will be passed on to the ultimate purchasers and reflected ultimately in the cost of66
healthcare.  This analysis does not attempt to determine parties that ultimately bear these costs,67
but to estimate their overall magnitude.68

69
The following information is used for the purposes of developing the these estimates, based on70
information available in the FDA records of the annual installations of new diagnostic x-ray71
systems that are required to be reported to the FDA and conservative assumptions.  These72
assumptions regarding the number of distinct models of x-ray systems currently marketed by73
each manufacturer are thought to be conservative for the purpose of this impact assessment in the74
sense that they will likely overestimate the cost of the proposed amendments.  Many of the75
manufacturers will currently only have a few different models, not the assumed 20 or 1076
different models used in the estimates described below.77

78
• There are approximately 40 manufacturers of diagnostic x-ray systems and each79

manufacturer markets about 20 different models of x-ray system80
• There are approximately 12,000 new medical (including dental systems with extraoral image81

receptors) x-ray systems sold and installed in the U.S. each year.82
• There are approximately 20 manufacturers of fluoroscopic x-ray systems that market systems83

in the U.S.84
• It is assumed that each manufacturer currently markets about 10 different, distinct models or85

designs of fluoroscopic x-ray systems that will be impacted by the new requirements86
• Each year in the U.S. there are approximately 4200 new fluoroscopic x-ray systems sold and87

installed.  Of these, the types of systems may be categorized roughly as follows:88
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89
                                            Type                                                                    Number installed90

General purpose fluoroscopic (including R & F) systems 110091
Urologic systems   25092
Angiographic (special procedures) systems   65093
“C-arm” fluoroscopic systems (stationary and mobile) 220094

95
Total 420096

97
In addition to the increased cost of equipment that may be passed on to customers, there are costs98
to both the FDA and state and local governments associated with the establishment and99
enforcement of the radiation safety regulations contained in these amendments.  Changes will be100
required to current programs of the FDA that are used to enforce the standard.  Changes will be101
required to the inspectional and testing procedures used to evaluate compliance with Federal or102
state standards, as well as costs associated with training inspectors and other staff with respect to103
some of the new requirements.  In many cases changes to state regulations will logically follow104
from the changes implemented in the Federal standard, due to the restriction that state standards,105
when established, be no different from the Federal standards.  However, these changes are not106
required by the amendments and any costs associated with these changes to state programs107
should not be attributed to the cost of the Federal standard since the Federal standard does not108
require that state and local governments enforce the same requirements.  The additions to the109
Federal standard do provide a benefit to manufacturers and others in that states are prohibited110
from establishing different requirements, thus preventing the excess costs that could arise to111
manufacturers if they had to comply with numerous different performance requirements imposed112
by each state.113

114
Assessment of the Impact of Each Major New Requirement115

116
In the following sections, each significant proposed change to the standard is reviewed and the117
impact of the change assessed.118
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119
1.  Change in the Quantity Used to Describe X-Radiation from Exposure to Air Kerma120

121
Requirement: This change does not impose any new requirement or change any of the limits in122
the current standard.  The change brings the quantity and unit used to describe the radiation123
emitted by the x-ray tube or absorbed by a material into conformance with modern usage and the124
International System of Units.  The quantity and unit used for this purpose is changed from125
"exposure” in roentgens to “air kerma” in gray.126

127
Those Affected: Any party reading or using the standard will be impacted by this change and128
will need to be familiar with the new quantity and unit.  However, this does not result in any129
significant impact as all professionals working in radiation protection should by now be130
conversant with this quantity and the means for conversion from the previous quantity exposure.131
The use of the new quantity in the standard does not require any changes by manufacturers with132
regard to test instrumentation as the previous methods can continue to be used.  One would133
anticipate a gradual evolution to use of the new quantity in any product labeling or descriptive134
literature but such is not required.135

136
Cost of the Change:  Other than the small costs to the FDA to develop and promulgate this137
change, there will be no additional costs required by this change.  The cost to the FDA is138
estimated to be less than 0.05 FTE and is considered negligible and included in the ongoing139
enforcement of the Standard.140

141
Benefits:  This change results in the use of the accepted quantity and unit in the standard, thus142
aligning the standard with the usage in other national and international standards.143

144
Alternatives: The only alternative would be to leave the standard unchanged, perpetuating the145
use of an outdated quantity and unit in contradiction to the Federal and FDA policy to use the146
accepted “metric units” in standards and other activities.  This alternative was unacceptable.147

148
149

Manufacturers’ costs
     Nonrecurring costs No significant costs beyond

those already associated with
the standard and manufacturer
of a product subject to the
standard.

     Annual costs to
manufacturers based on per
system production costs

None, beyond those associated
with providing a certified
component already required
by the standard.

Regulatory agency cost
     Nonrecurring FTE cost 0.05 FTE x $117K/FTE $5,856
     Other nonrecurring costs None
     Annual FTE cost Minimal
     Other annual cost None
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150
151
152

2.  Clarification of Applicability of Requirements to Account for Technological Developments in153
Fluoroscopic X-ray Systems such as Digital Imaging, Digital Recoding and New Types of Solid154
State X-ray Imaging Devices155

156
Requirements:  When the performance standard was originally developed, the only means for157
producing a fluoroscopic image was either a screen of fluorescent material or an x-ray image158
intensifier tube as the image receptor.  The  advent of new types of image receptors, such as159
solid-state x-ray imaging devices (SSXI), and new modes of image recording, such as digital160
recording to computer memory or other media, has made the application of the standard to those161
new fluoroscopic system components in its current format awkward.  These amendments will162
modify the structure and organization of the standard to address the new types of image receptors163
and will clarify how the requirements of the standard apply in each case.  In addition, the164
amendments will clarify the conditions defining the “record” mode of operations.  The165
amendments will include new definitions for fluoroscopy and radiography to make a clearer166
distinction between these two modes of operation.167

168
Those Affected:  The addition will clarify that all manufacturers of fluoroscopic x-ray169
equipment incorporating new types of image receptors must meet the basic radiation protection170
and safety requirements already existing for equipment incorporating older image receptors.  The171
proposed changes do not affect the requirements in the performance standard, but do change the172
spectrum of equipment to which the requirements will be applicable.  It is estimated that less173
than five percent of the fluoroscopic x-ray equipment currently being sold incorporates these174
new types of image receptors.  However, we expect the introduction into commerce of this type175
of equipment to continue to grow in the future.176

177
Cost to Manufacturers :  These changes to the standard do not establish specific performance178
requirements, resulting in changes in the design of equipment.  These changes clarify the manner179
in which the standard will be applied to new types of image receptors which, as components of180
diagnostic x-ray systems, are already subject to the performance standard.  These specific181
changes do not add to the existing requirements for testing and certification of components and182
systems already established by the standard.  Manufacturers, as they introduce new designs or183
technologies under the existing Standard, and the Quality System Regulations applicable to all184
manufacturer of medical devices, are required to have appropriate design and test methods to185
assure a quality product.  The costs associated with this testing do not arise from the proposed186
changes to clarify the applicability of the standard, but would be incurred without these changes.187

188
Currently there are only two models of fluoroscopic systems cleared for marketing that use189
rectangular image receptors and few of these have been sold.  These products were required to190
meet requirements for rectangular field limitation as a condition for market clearance.  Thus,191
manufacturers are currently designing SSXI systems with rectangular image receptors to meet192
the proposed requirement.  Clarification of the requirement will assure that, as manufacturers193
bring additional models to market, the requirements are known at the beginning of the design194
process.195

196
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Because all x-ray systems must have means to limit the size of the x-ray field to the area of197
clinical interest, systems will be equipped with some type of adjustable collimation in order to198
meet basic radiation safety principles.  Any costs resulting from the clarification of the field199
limitation requirements for SSXIs will be very marginal and can be incorporated from the initial200
design, obviating the need for any design changes for these systems that are currently under201
development.  For this reason, no significant costs to manufacturers can be attributed directly to202
the clarification of applicability.203

204
Cost to Regulatory Agencies:  These changes will require minimal changes to FDA programs205
to enforce the standard.  Minor changes may be required to inspector training programs, report206
submission guidance for manufacturers or to compliance testing programs to reflect the clarified207
applicability.  These efforts are estimated to require less than 0.2 FTEs on a non-recurring basis.208

209
These changes to the Federal standard may result in the desire of State or local radiation control210
programs to modify their existing regulations to conform.  While States are not required to make211
such changes, some may choose to do so.  Such changes may be implemented as a special212
change or incorporated into scheduled revisions or updates of State regulations.  Such costs, if213
incurred, are not required by the change to the Federal standard and are expected to be minimal.214

215
Benefits:  The primary benefit of these amendments is the application of a set of basic radiation216
protection and safety requirements to systems incorporating new types of image receptors.  The217
beneficial aspects of these requirements to the exposed population have been recognized for218
many years.219

220
Alternatives:  The only reasonable alternative to the proposed changes to clarify the221
applicability of the standard would be to make no changes.  This would continue the current222
situation in which the application of the standard to these new technologies is unclear, resulting223
in confusion for manufacturers and State regulatory agencies and the likely possibility of224
inadequate radiation safety performance for some new systems.  It would not be reasonable from225
a radiation safety standpoint, to exempt the new types of image receptors from the controls in the226
Standard, as this could lead to system designs that do not prevent unnecessary radiation exposure227
to patients.228
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229

Manufacturers’ costs
     Nonrecurring costs No significant costs beyond those

already associated with the standard and
manufacturer of a product subject to the
standard.

     Annual costs to
manufacturers based on per
system production costs

None, beyond those associated with
providing certified components already
required by the standard.

Regulatory agency cost
     Nonrecurring FTE cost Additional one-time costs to revise

programs to account for changes.
0.2 FTE  x  $117K

$23,400

     Other nonrecurring costs None
     Annual FTE cost None
     Other annual cost None

230
231
232
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3.  Changes in §1020.30(h) – Information to be Provided to Users233
234

Requirement:  Amendment to §1020.30(h) to add new paragraphs 1020.30(h)(5) and (h)(6) to235
require provision of additional information regarding fluoroscopic x-ray systems in the236
instructions to users.237

238
With so many optional modes of operation for fluoroscopic x-ray systems and accessory239
components available, many users of the equipment may be confused over the use of some of the240
available modes of operation.  While there may be a brief description of how to engage a mode,241
there may not be a clear understanding of how that mode operates by changing the parameters of242
the system.  More explanation is needed on the intended use of the particular mode. The243
proposed amendments also require additional information be provided regarding the new display244
of values of air kerma rate and cumulative air kerma that will be required.245

246
Those Affected:  This amendment requires manufacturers of fluoroscopic x-ray systems to247
provide additional specific information in the written instructions (User’s Instruction Manual)248
normally provided to users on the operation of the x-ray system.  The proposed changes do not249
affect the equipment performance requirements in the standard, but require the addition of new250
information.251

252
Cost to Manufacturers :  This addition to the regulations will include recurring and non-253
recurring costs to the manufacturer.  The non-recurring costs are the one-time costs associated254
with the development of information and format for distribution.  This cost will occur regardless255
of the number of systems produced by a manufacturer. Manufacturers are already required to256
provide certain information for users and they also provide additional information and257
instructions to enable proper operation of the x-ray systems.  This requirement will necessitate258
additions to this information that is currently provided to users.  Manufacturers will have to259
develop specific sections in the Instructions for Users to describe the system modes of operation.260
Although manufacturers currently provide instructions for use of their equipment, this261
information may not be detailed enough to meet the proposed requirement, requiring that the262
Instructions for Users be revised.  Most of the information should already be in the user manual263
provided with the equipment but not necessarily centrally located nor sufficiently detailed.264

265
For the new dose display feature, the manufacturer will have to develop user instructions to266
accompany this new feature. The costs for developing the instructions and information will be267
included in the cost of the requirements for display of cumulative exposure time, patient dose268
rate and cumulative dose described below.269

270
Cost to Regulatory Agencies:  The cost to the FDA for this requirement is that associated with271
assuring the adequacy of the information after the regulations become effective.  This will272
require additional review effort in the review of manufacturer reports but not a significant effort273
per individual report.  The annual cumulative effort associated with this is estimated to be no274
more than  0.1 FTE.  This requirement will not impact state or local agencies.275

276
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Benefits:  The primary benefit of these amendments is the provision of improved information to277
the users of fluoroscopic x-ray systems.  Such information should allow for improved and safer278
operation by more informed operators.279

280
Alternatives:  Several alternatives to the proposed change were considered and dismissed as281
follows:282

283
• Making no change to 1020.30(h).284

285
This alternative was dismissed as not providing the necessary information needed by users286
for safe operation of the equipment.  Although one might argue that manufacturers would287
always provide sufficient and detailed information for these new features, this has not been288
the case to date.  The new requirements for display of air kerma rate and cumulative air289
kerma require explanation for users to assure that the purpose and operation of these new290
features are understood.291

292
• Requirement for additional, detailed information on potential patient dose from each specific293

mode of operation.294
295

This alternative was considered and rejected in view of the new requirement for display of air296
kerma rate and cumulative air kerma.  For safe and appropriate use of fluoroscopic systems,297
users should be aware of the patient dose implications of each mode of operation selected.  It298
had been proposed that manufacturers be required to provide specific dose information for299
each unique mode of operation.  This requirement would provide users with detailed300
information on the patient dose impacts of the selected mode of operation prior to its use.301
Provision of this information would require extensive expansion of the user information and302
measurements and provision of data by manufacturers.  In view of the requirement for303
display of air kerma information, this amount of detailed information was judged to be304
unnecessary.305

306
• Another alternative to increasing the amount and type of information required to be provided307

to purchasers of fluoroscopic x-ray systems would be for the agency and state radiation308
control agencies to work cooperatively with medical professional associations, medical309
educational institutions and the manufacturers of fluoroscopic x-ray systems to improve the310
training and awareness of the users of fluoroscopic x-ray systems as to the proper operation311
and use of these systems. For this alternative to be effective, users of fluoroscopic x-ray312
systems would have to insist, as part of their purchase specifications, that manufacturers313
provide the detailed information that will be required by these amendments and314
manufacturers would have to provide adequate information and training for users in the315
operation of their systems, including descriptions of the new features required by these316
amendments.  Without the proposed amendments, it is unlikely that all manufacturers will317
provide all of the information in sufficient detail to satisfy this need.318

319
FDA has no regulatory authority to require any actions of the state agencies or professional320
organizations but could work cooperatively to accomplish the goal of improved user321
knowledge.  FDA has and will continue to work with states and professional organizations to322
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improve the use of fluoroscopic systems.  However, this was judged to be  most effectively323
accomplished if the users have the basic information proposed to be required in the proposed324
amendments.  For this reason, this alternative was rejected.325

326
Manufacturers’ costs
     Nonrecurring costs Estimate of 10 models of x-ray systems

impacted initially for each of 20
manufacturers with a cost of $5,000 per
system for revision of user instructions.
10 models x 20 manuf. X $5,000 per
model = $1,000,000 cost

$1,000,000

     Annual costs to
manufacturers based on per
system production costs

Per system cost of $20 for revised user
instructions and 4,200 systems sold per
year.   4,200 x $20 = $84,000

$84,000

Regulatory agency cost
     Nonrecurring FTE cost None
     Other nonrecurring costs None
     Annual FTE cost Slight increase in annual FDA effort to

review manufacturer initial reports for
adequacy of information.  Estimate 0.1
additional FTE x $117K / FTE = $11,700

$11,700

     Other annual cost None
327
328
329
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4.  Increase Minimum Half-Value Layer for Most Diagnostic X-ray  Systems330
331

Requirement: These amendments will increase the minimum half-value layer (HVL) for332
radiographic and fluoroscopic x-ray systems to recognize changes in x-ray tube and x-ray333
generator technology over the last few decades.  The amendments also prescribe an additional334
requirement for fluoroscopic x-ray systems incorporating x-ray tubes of high heat-load capacity.335
The manufacturers of these systems will have to provide a means, to be used at the user’s option,336
of adding x-ray filtration over and above the amount needed to meet the proposed new minimum337
HVL values.  This additional requirement is predicated on the assumption that x-ray tubes of338
high heat-load capacity to which it will apply are associated with interventional procedures339
where it is important to take measures to spare the skin of patients from high levels of radiation340
dose.341

342
Those Affected: These amendments would apply to all radiographic and fluoroscopic x-ray343
systems and require changes for those systems currently marketed that do not meet the new344
requirements.345

346
Cost to Manufacturers: This change to the Standard will impact manufacturers in two ways;347
additional costs to meet the new requirement for minimum HVL, and for some fluoroscopic348
systems, the cost to provide the option of increasing the amount of beam filtration.  The first349
requirement will apply to all systems, other than dental systems used with intraoral image350
receptors.  However, many systems currently marketed are expected to meet the new351
requirement, as it is similar to the current international standard.  For those systems that require352
modification to meet the new requirement, the extent of the modification is expected to be slight,353
simply involving an increase in the thickness of the material used as a filter with no significant354
increase in the cost of this material or manufacturing costs. It is estimated that these costs will be355
minimal for several reasons.  First, test protocols and test instrumentation are already available356
for testing systems to this particular requirement.  Second, the proposed changes bring the357
requirements of the Standard for x-ray beam quality to the same level as the current international358
standard.  Thus, manufacturers of radiographic and fluoroscopic x-ray systems already have to359
meet the proposed requirement in order to market their products where the international standard360
is used outside the United States. Lastly, meeting the requirements can simply be met by361
increasing the thickness of the x-ray filtration currently in the x-ray beam. This modification of362
filter thickness is not expected to require significant redesign or changes to production.  For363
systems that require a change in filter thickness, the manufacturer will have to modify the testing364
program used to assure compliance with the new requirements.365

366
As an estimate of the upper limit to the cost resulting from this requirement, it is estimated that367
20 manufacturers (one half of all manufacturers) will have to make changes to add filtration368
(increase filter thickness) and modify testing programs. Each of these manufacturers are369
estimated to have 10 different models of collimators or tube-housing designs for which this370
change is necessary.  It is estimated that for each model the one time cost for these changes is371
about $20,000.  This results in an estimate of $4,000,000 as the one time cost to manufacturers372
for this change.373

374
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For fluoroscopic x-ray systems incorporating x-ray tubes of high heat-load capacity, it is375
estimated that the cost to the manufacturer to provide a means, at the user’s option, of adding x-376
ray filtration over and above the amount needed to meet the proposed new minimum HVL values377
will consist of the following:378

379
• One time cost of the system redesign required to provide this feature, including380

the development of any new test procedures and user instructions for the feature.381
• The per system cost for the additional feature resulting from additional material or382

production costs for each system produced.383
384

A number of manufacturers of fluoroscopic systems already provide the means to add additional385
filtration on some of their models.  These manufacturers will not have to make changes to meet386
this requirement for those systems.  As an estimate of an upper limit for the cost of system387
redesign to meet this new requirement, it is estimated that there are ten manufacturers of388
fluoroscopic systems that have high heat capacity x-ray tubes that will require redesign to meet389
this requirement.  It is assumed that each of these manufacturers will have ten models of systems390
requiring redesign and that the cost of this redesign is $50,000 per model.  This results in an391
estimate of a one-time cost of $5,000,000 for this requirement.392

393
There are currently about 650 new angiographic x-ray systems installed in the U.S. each year.394
Many of these are already equipped with the means for adding additional optional filtration.  The395
exact number of fluoroscopic systems sold each year with the high heat capacity tubes is396
unknown, however the number of angiographic systems installed each year can provide an upper397
limit for this estimate of the number of systems to which this requirement will apply.398

399
The added cost of a system provided with the means to use added filtration will depend on the400
method used to implement this feature.  This can be as simple as providing a means for manual401
addition of filtration at the user’s discretion or provision of an automatic or semi-automatic402
system.  Such systems could be designed to insert additional filtration when this option is403
selected or to automatically insert filtration based on the system technique factors as determined404
by the automatic exposure rate control.  The optimum or preferred design for such systems405
would assure that the system technique factors are automatically adjusted to optimize imaging406
performance for the selected imaging task.407

408
The added material and manufacturing costs per system required to provide this feature will409
depend on the method chosen by the manufacturer.  These costs are estimated to range from a410
few dollars per system for the totally manual means to several hundred dollars for the more411
complex systems.  As an upper limit estimate, it is assumed that every one of the 650412
angiographic systems installed annually will be equipped with an automatic system costing an413
additional $1,000.  This results in an upper limit of $650,000 for the annual cost for this414
additional feature.415

416
Cost to Regulatory Agencies: The cost to regulatory agencies is that associated with the417
implementation and enforcement of this regulation.  These costs should be minimal as the418
minimum HVL requirement is currently evaluated in the field as part of the compliance testing419
program for radiographic and fluoroscopic x-ray systems.  Minor revisions in the test protocols420
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and action levels will be required.  For the option of adding additional x-ray filtration, the initial421
enforcement can be a simple review of the manufacturer’s initial report and visual inspection422
during system inspections after the date this regulation takes effect.  This is estimated to require423
an initial effort by FDA of about 0.1 FTE and no significant increase of inspectional effort on an424
annual basis425

426
Benefits:  The use of x-ray filtration to increase the quality or homogeneity of an x-ray beam427
through selective absorption of the low-energy photons has been a recommended practice for a428
long time.  As mentioned above, the values of beam quality in the Standard are based on NCRP429
Report No. 33, which was originally published in 1968.  The addition of either beam-hardening430
or K-edge x-ray filters can provide a significant reduction in the exposure, particularly skin431
exposure, to the patient.432

433
Alternatives:   Several alternatives to the proposed change were considered and rejected.434

435
• No change to the HVL requirement –This alternative was rejected because it would not436
provide the improvements in beam quality necessary to assure reduced patient radiation437
exposures from modern x-ray systems with improved generators and increased x-ray tube output438
capabilities.439

440
• Applying the requirement for additional, optional filtration to all fluoroscopic x-ray441
systems- This alternative was rejected as inappropriate because it likely would have an adverse442
impact on clinical performance of systems with lower capacity x-ray tubes.443

444
445
446

Manufacturers’ costs
     Nonrecurring costs Redesign of systems to comply with

minimum HVL requirement.  Estimated
20 manuf. x 10 models per manuf. x
$20K per model = $4,000,000

$8,000,000

     Nonrecurring costs Redesign of systems with high heat load
to permit additional filtration.  Estimated
10 manuf. x 10 models per manuf. x
$50K per model = $5,000,000

$5,000,000

     Annual costs to
manufacturers based on per
system production costs

650 systems per year x $1,000 cost per
system = $650,000

$650,000

Regulatory agency cost
     Nonrecurring FTE cost 0.1 FTE x $117K = $11,700 $11,700
     Other nonrecurring costs None
     Annual FTE cost None
     Other annual cost None

447
448
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5.  Change in the Requirement for Fluoroscopic X-ray Field Limitation and Alignment449
450

Requirement:  This amendment will result in improved x-ray field limitation for fluoroscopic x-451
ray systems.   Under the current requirements, worst-case values of geometrical efficiency of 50452
percent to 70 percent are possible under typical geometrical and operating conditions on453
fluoroscopic systems.  Geometrical efficiency is defined as the ratio of the visible area of the454
image receptor divided by the area of the x-ray field.  Thus, geometrical efficiencies of 50455
percent to 70 percent mean approximately 50 percent to 30 percent of the radiation incident on456
the patient is not used to form an image. The proposal will require geometrical efficiencies of 80457
percent or more for all fluoroscopy systems. Although the field limitation requirements for458
fluoroscopic equipment in the current Standard are based on the presence of an x-ray image459
intensifier that is inherently circular, additional requirements are also appropriate for newer460
imaging systems that do not use an x-ray image intensifier tube as the fluoroscopic image461
receptor. These image receptors are inherently rectangular.  For these rectangular image462
receptors, the proposal is to apply the current requirements of the standard for x-ray field463
limitation which were developed for general-purpose radiographic systems that use rectangular464
image receptors.  These requirements will result in worst-case values of geometrical efficiency of465
greater than 75 percent for systems with rectangular image receptors under typical geometrical466
and operating conditions on fluoroscopic systems.467

468
Those Affected: These amendments would apply to all fluoroscopic x-ray systems.469

470
Cost to Manufacturers: Only the requirement for an increase in the efficiency of beam471
limitation for circular image receptors will add significant additional costs for the manufacturer.472
For fluoroscopy systems using circular image receptors the intent of the amendment is to473
promote the incorporation of  continuously adjustable, circular collimators and/or circular474
apertures along with adjustable rectangular collimators.475

476
For fluoroscopic systems using rectangular image receptors, requirements similar to those for477
radiographic systems are proposed, the requirements proposed are the same as the current478
requirements for general-purpose radiographic systems.  Since collimators are available to meet479
these requirements and since all of the new fluoroscopic systems with rectangular image480
receptors that have been cleared for marketing to date by FDA have been designed to provide481
this type of beam limitation, the proposed requirement for beam limitation for fluoroscopic482
systems with rectangular collimation will not add significant new costs for modification of483
existing designs.484

485
For circular image receptors, the increase in the required efficiency for image receptors with486
diameters less than or equal to 34 cm will most likely cause changes in the manner in which487
existing designs of collimators are adjusted in order to meet the new requirements.  This change488
will require only minor changes to the manufacturer’s assembly and testing procedures.  In a few489
cases, some redesign may be required.490

491
For circular image receptors the new requirements could be met through the use of less complex,492
currently available, rectangular collimators which are adjusted to provide “under-framing” of the493
x-ray beam.  Obviously, the cost to the manufacturer will depend on their approach to meeting494
the requirement.  If the approach is to use the currently available, rectangular collimators and495
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under-frame, the cost will be minimal as it would only involve a re-calibration of the existing496
collimator and a change to installation and testing procedures.  It should be noted that the497
requirements in the current IEC international standard require that the length and width of the x-498
ray field be less than the diameter of the maximum visible area of the image intensifier.499
Manufacturers meeting this requirement would most probably meet the proposed amendment500
without any changes on their fluoroscopic systems.501

502
For systems with image-receptor area of diameter greater than 34 cm, either a similar change in503
system adjustment procedures or a redesign of the collimation systems will be required.  If a504
redesign is required, additional design and production change costs must be recovered over the505
life of the product design.  This redesign may be required for systems with large circular image506
receptors that do not currently utilize collimation to produce a near-circular x-ray field.507

508
For manufacturers implementing design changes to their collimators such as to provide nearly509
circular x-ray fields to comply with the new requirement, this addition to the regulations will510
cause recurring and non-recurring costs to the manufacturer.  The non-recurring costs are the511
one-time costs associated with any changes to system design required and the development of512
new test protocols. This cost will occur regardless of the number of systems eventually produced.513
The recurring cost is the cost for parts and production associated with each system after the non-514
recurring costs are absorbed.515

516
The cost of this requirement cannot be estimated with any precision as it will depend on the517
choices made by manufacturers regarding readjustment versus redesign.  In addition, specific518
information on the collimator designs provided by each manufacturer that would permit519
estimation of whether readjustment is feasible are not currently available.  An upper bound on520
this cost can be estimated using the following speculative estimates and assuming that both521
options (readjustment and redesign) are taken for all current models of collimators.522

523
Cost to readjust current designs  It is estimated that each of 20 fluoroscopic system524
manufacturers will develop modified procedures for collimator adjustment and that each525
manufacturer has five different collimator models requiring such adjustment procedures.  It is526
further estimated that for each model the manufacturer will incur a cost of $20,000 to implement527
the new procedures in manufacturing and assembly.  This would result in a non-recurring cost528
to manufacturers of a total of $2,000,000 for development of revised adjustment procedures.529

530
Cost to redesign collimators  If manufacturers choose to redesign all of their collimators to531
provide variable circular collimation, an upper bound to this cost is also estimated by considering532
20 manufacturers with five different collimator models requiring redesign.  The total redesign533
cost for each model are expected to be less than $50,000 per model, resulting in an upper bound534
on the cost to redesign of $5,000,000.535

536
If fluoroscopic system collimators are redesigned to meet the requirements for improved537
radiation efficiency, these redesigned collimators may increase the cost of the collimator due to538
increased complexity of parts or production.  An upper limit for these recurring costs may be539
estimated by assuming that all of the stationary fluoroscopic systems installed each year are540
provided with redesigned collimators, increasing the cost per systems by $2,000 over current541
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costs.  It is likely that manufacturers will not redesign all collimators and choose to satisfy the542
proposed requirements by readjustment of some collimators.  It is not possible to predict for543
which systems this will occur.  It is more likely that redesign will occur for the systems with544
larger size image receptors.  Stationary fluoroscopic systems are more likely to be equipped with545
the larger image receptors, while mobile fluoroscopic systems typically have the smaller image546
receptors.  For the purpose of this estimate, it is assumed that all new stationary fluoroscopic547
systems are provided with a redesigned collimator.  From the FDA records on new system548
installations, there are about 2,500 stationary fluoroscopic systems installed each year, resulting549
in an annual cost of $5,000,000 from the added cost associated with redesigned collimators.550

551
Cost to Regulatory Agencies: The cost of this requirement to the FDA will be that associated552
with the implementation and enforcement of this regulation.  These costs should be relatively553
minor as the field limitation requirement is currently evaluated during compliance testing by the554
agency.  However, some revisions in the test protocol and action levels will be required to test to555
the new requirement.  In addition, there will also be costs associated with training inspectors to556
test to the new requirement.  It is estimated that these activities will require a one time effort of557
about 0.4 FTE by the FDA.558

559
Benefits:   A fundamental principle of radiation safety  in x-ray system design is to limit the area560
of the x-ray field (the cross-sectional area of the x-ray beam) to be no larger than necessary to561
adequately cover and expose the image receptor active area.  This limits the amount of radiation562
that impinges on the patient but is not used to form the image.  A reduction in unnecessary563
patient exposure is the basis for all of the x-ray field limitation and alignment requirements in the564
performance standard.  Any radiation falling outside the visible area of the image receptor565
provides no useful diagnostic or visualization information and therefore represents unnecessary566
patient exposure.  As mentioned above, the current requirements allow a worst-case value of567
geometrical efficiency of 50 percent under typical geometrical and operating conditions on568
fluoroscopic systems.  This value of geometrical efficiency means approximately 50 percent of569
the radiation incident on the patient is not used to form an image. The proposal will require570
geometrical efficiencies of 80 percent or more for all x-ray fluoroscopy systems.   For this worst-571
case condition, the proposal results in a reduction of  unnecessary radiation in the order of  60572
percent.  Thus, considering worst-case values not as dramatic as 50 percent, the proposal can573
result in the reduction of unnecessary radiation of anywhere from 60 percent to 0 percent574
depending on the initial geometrical efficiency associated with the fluoroscopic system.575

576
Alternatives:   Several alternatives to the proposed change were considered and rejected.577

578
• No change to the field limitation requirement – This alternative was rejected because it579

would not provide the improvements in field limitation necessary to decrease the amount of580
unnecessary radiation incident on the patient under current requirements.581

582
• Implementing a more stringent requirement to require that the x-ray field area never583

exceed the area of the image receptor – This option would provide increased radiation protection584
but would be technically very difficult to accomplish as it would require significantly more585
stringent and costly design tolerances.  Such a requirement would likely be met by adjusting the586
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x-ray field to be smaller that the image receptor.  This could adversely impact the amount of587
clinical information available in the images.588

589
590

Manufacturers’ costs
     Nonrecurring costs (1) Development of

procedures to readjust
collimators.  20 manuf. x 5
models per manuf. x $20,000
per model = $2,000,000
(2) Redesign of collimators.
20 manuf. x 5 models per
manuf. x $50,000 per model =
$5,000,000

$7,000,000

     Annual costs to
manufacturers based on per
system production costs

2,500 stationary systems per
year x $2,000 increased cost
per system = $5,000,000

$5,000,000

Regulatory agency cost
     Nonrecurring FTE cost 0.4 FTE x $117K = $46,800 $46,800
     Other nonrecurring costs None
     Annual FTE cost None
     Other annual cost None

591
592
593
594
595
596
597
598
599
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6.  Change to limits on maximum entrance air kerma:600
601

Requirement: The current requirement in the Standard establishing a maximum limit on602
entrance air kerma rate (EAKR) and describing the exception to this limit during the recording of603
images will be modified to extend the limit to apply to the recording of images using an analog604
recording device such as a video tape recorder regardless of whether the x-ray exposure is pulsed605
or not.  The current reference to a pulsed mode of operation will be removed.  The exception to606
the limit on maximum EAKR will continue to apply to the recording of images from the607
fluoroscopic image receptor except for recording using an analog video recorder and without608
reference to whether or not the x-ray exposure is pulsed.609

610
Those Affected: Any manufacturer providing an analog video image recording feature or a611
fluoroscopic facility desiring to add such a capacity.  The proposed requirement will not prevent612
use of such a recording means but will require that the maximum EAKR be limited.613

614
Cost to Manufacturers :  Information is not available to permit an estimate of the cost of this615
amendment, although one can argue that the costs will not be significant.  At the most, the616
requirement will require that systems be adjusted to meet the maximum EAKR limit if provided617
with a high level control and an analog image recording device.  Fluoroscopic systems are618
normally equipped with a means to adjust the radiation output rate in each mode of operation in619
order to meet existing limits and to properly limit the radiation output to acceptable levels.620
Establishment of new adjustment procedures to limit maximum EAKR could be required for any621
system equipped with an analog recording device.  Such changes to an adjustment procedure are622
not expected to result in significant costs.623

624
Costs to Regulatory Agencies:  This requirement is not expected to add significant costs for the625
FDA associated with administration and enforcement of the Standard.  The compliance test626
procedures already test for compliance with maximum EAKR and can be readily modified to627
include a check of any analog recording mode.628

629
Benefits:  This amendment will assure that the radiation output of fluoroscopic systems630
equipped with analog video recording devices is maintained or limited to the same radiation631
output as required for real-time, non- recorded  fluoroscopy.  This will prevent the practice that632
has been observed of using an analog video recording device to establish a recording mode and633
thereby avoiding the limitation on maximum entrance exposure rate applicable to real-time634
fluoroscopy without recording under the current Standard.  The practice of adding an analog635
video recording device and increasing the radiation output for the system, as a less expensive636
alternative to replacing a degraded imaging system, has been reported.  Such a practice results in637
patient radiation exposures larger than necessary during routine fluoroscopy.  There is no638
information available on the extent of this practice or the number of installations of this type639
which the proposed requirement would be expected to prevent, so the magnitude of the radiation640
reduction cannot be estimated.641

642
Alternatives:  Two alternatives were considered regarding this amendment and rejected.643

644
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• No change to the current requirement – This alternative would not address the concern about645
the practice of using the installation of an analog video recording device as a means to avoid646
the limitation on entrance exposure rate and the resulting increased patient radiation exposure647
that can result from this practice.  This alternative was rejected as not providing the level of648
radiation protection appropriate to prevent unnecessary patient exposure.649

650
• Establishment of maximum entrance air kerma rate limits for all fluoroscopic recording651

modes – This alternative, although considered to be desirable, was not possible because there652
is not a current consensus as to the appropriate exposure level required for all recording653
modes.  The level of radiation exposure rate during recording of fluoroscopic images directly654
impacts the quality of the image.  There is not a current consensus as to how to appropriately655
characterize fluoroscopic image quality or to determine the minimum acceptable quality for656
recorded images for the various recording modes, and therefore the required exposure level.657

658
659

Manufacturers’ costs No significant costs expected
     Nonrecurring costs
     Annual costs to
manufacturers based on per
system production costs
Regulatory agency cost No significant costs expected
     Nonrecurring FTE cost
     Other nonrecurring costs
     Annual FTE cost
     Other annual cost

660
661
662
663
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7.  Requirement for Minimum Source–Skin Distance for Small “C-Arm”    Fluoroscopic Systems664
665

Requirement:  The proposed changes would classify C-Arm fluoroscopic systems with source-666
image receptor distance (SID) of less than 45 centimeters as a special type of system designed667
only for extremity use.  The amendment would require, for these systems, that the minimum668
source-skin distance (MSSD) be at least one half of that required for the larger format C-Arm669
systems.  This amendment will recognize in the Standard the performance permitted for these670
types of systems that has been permitted through the granting of several variances from the671
Standard.672

673
Those Affected:  The proposed amendment will affect C-Arm systems with SID less than 45674
centimeters.  The purpose of having a MSSD equipment performance requirement is to protect675
the patient and provide for skin dose sparing; that is, to limit the dose that may be delivered to676
the skin as a result of the patient’s being too near the x-ray source.  The proposed amendment677
affects manufacturers of small C-Arm systems, designed for extremity use only that do not678
currently meet the proposed requirement for MSSD.  By limiting the system to use on679
extremities, the entrance skin dose to the patient will be maintained or limited to an acceptable680
range.681

682
Cost to Manufacturers :  The proposed amendment will only impact manufacturers of small C-683
arm systems whose current design does not meet the parameters for MSSD and SID established684
by the amendment.  There are some current models of C-arm systems with SIDs slightly larger685
than 45 cm (in the range of 45 to 48 cm) that would require redesign to take advantage of the686
smaller MSSD allowed for systems with SIDs less than 45 cm.  This redesign would involve687
changes to the support structure for the x-ray source and the image receptor to change the SID688
and possibly adjustments to the beam-limiting device to assure appropriate x-ray field size at the689
image receptor for the new ID.  These changes would result in one-time costs associated with690
implementing the new designs and would not add significantly to the cost of materials or691
production for individual systems meeting the new designs.   692

693
An upper limit on the redesign costs can be estimated by assuming that the approximately three694
current manufacturers of small C-arm systems each must redesign their current models and that695
this redesign effort and change to production will have one-time costs of $50,000 per model,696
resulting in an estimate of $150,000 in total manufacturer costs.697

698
Cost to Regulatory Agencies:   This amendment is not expected to result in any significant699
costs to FDA as it will only result in a different system design and description by the700
manufacturer in the initial reports submitted by manufacturers, not a substantial increase in the701
information submitted in the reports or the effort required by FDA to review this information.702
Slight modifications may be required in the description of the compliance testing procedures to703
instruct inspectors on how to review the new designs during compliance testing.  These704
additional efforts are expected to require, at most 0.2 FTE of FDA resources.705

706
Benefits:  The primary benefit of these amendments is the elimination of the need for707
manufacturers to request a variance and the costs associated with that process. Clarification of708
how the standard applies will eliminate confusion or doubt about the requirements for systems709
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with small SID.  The amendment will recognize in the performance Standard the same710
performance that has been permitted under variances that have been granted to manufacturers711
permitting use of systems with smaller MSSD than required by the Standard.  Systems712
manufactured under these variances were determined to provide equivalent radiation safety as713
the Standard.  The proposed amendments will make it clear to manufacturers the conditions714
under which systems with smaller MSSD will be allowed and remove any uncertainty in715
development of new products and the added expense associated with requesting and justifying a716
variance.717

718
Alternatives:  Two alternatives were considered and rejected.719

720
• No change to the current requirement  - This would require the continued submission and721

review of variance requests for systems that do not conform to the current requirements.722
This alternative was rejected as inappropriate as it would continue the unnecessary costs to723
manufacturers and the agency associated with the submission and processing of requests for724
variance from the current Standard.725

726
• Prohibition of systems with SIDs that do not conform to the current standard  - This727

alternative would prohibit systems that have clinical utility and can be used safely with728
appropriate controls.729

730
731

Manufacturers’ costs
     Nonrecurring costs Three manuf. x $50,000

redesign cost per manuf. =
$150,000

$150,000

     Annual costs to
manufacturers based on per
system production costs

No significant costs
anticipated

Regulatory agency cost
     Nonrecurring FTE cost 0.2 FTE x $117K = $23,400 $23,400
     Other nonrecurring costs No significant costs expected
     Annual FTE cost No significant costs expected
     Other annual cost No significant costs expected

732
733
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734
8.  Requirements for Display of Fluoroscopic Irradiation Time, Air Kerma Rate and Cumulative735
Air Kerma736

737
Requirement:  These amendments would require that all newly manufactured fluoroscopic738
equipment display to the fluoroscopist at the fluoroscopist’s working position values of the total739
irradiation time, entrance air kerma rate, and cumulative air kerma during use of the equipment740
for a procedure.  Additionally, there is a requirement that an audible signal sound every five741
minutes during the exposure.  The current requirement for a re-settable exposure timer with a742
five minute maximum interval would be removed.743

744
Those Affected:  These amendments are proposed to apply to all fluoroscopic systems745
manufactured after the effective date and will therefore impact all manufacturers.  FDA will also746
be impacted by the need to modify the compliance testing program.747

748
Cost to Manufacturers :  These amendments will require both modification of the design of749
fluoroscopic systems and the provision of additional features on systems that will increase the750
cost for each systems produced.  The cost anticipated to provide the display of total irradiation751
time and an audible signal are expected to be modest on a per systems basis, and these estimates752
will be included in the costs estimated for display of the entrance air kerma display.753

754
There are several approaches that manufacturers might take in developing systems that will meet755
the proposed requirements.  There is currently available at least one add-on accessory system756
that, with minor modification could be used to provide the information required by this proposed757
amendment.  Such a system is available for about $6,000 currently.   Thus, it is estimated that the758
additional cost per system resulting from these requirements will be less than $8,000 per system.759
It is estimated that costs could be significantly less than this if such systems are produced in760
volume, but the higher estimates will be used to provide an upper limit on the costs of these761
requirements.   Using the annual installation estimate of 4,200 fluoroscopic systems per year762
results in an annual cost of $33,600,000 for the added materials and production costs for these763
systems.764

765
There will also be non-recurring costs to manufacturers to develop the required redesign of766
fluoroscopic systems to meet these new requirements.  An upper limit to these costs can be767
estimated by assuming that each of the approximately 20 different manufacturers of fluoroscopic768
x-ray systems experiences a redesign cost of $500,000 for all of their system models.  This leads769
to an upper bound in the non-recurring costs of $10,000,000 for these requirements.770

771
Cost to Regulatory Agencies:   The costs for FDA associated with these requirements will be772
the one-time costs associated with developing modifications to the compliance test procedures to773
evaluate the entrance air kerma display feature, to develop new initial report review criteria, to774
revise initial report guidance for manufacturers and to train FDA inspectors in the new775
compliance testing procedures.  These efforts are estimated to require about 4.0 FTE to776
accomplish.777

778
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The review of manufacturers initial reports and additions to the compliance testing procedures to779
evaluate the new features required by these amendments will also require additional FDA staff780
time on an ongoing basis.  It is estimated that this will require no more than about 2 FTE per year781
on a continuing basis.   782

783
Benefits:  The benefits of the requirements are anticipated to be a better, more informed use of784
fluoroscopic x-ray systems by physicians who are equipped with the additional information785
provided by these new features during a fluoroscopic procedure.  The additional information will786
enable the physician to be better aware of the level of radiation exposure to which the patient has787
been subjected and will allow informed decisions to be made regarding the technique factors and788
modes of operation used during a procedure.  These factors are expected to lead to a reduction in789
patient radiation exposures and greatly reduce the probability of the occasional serious radiation-790
induced skin injury that currently occur.  It is not possible to reasonably estimate the magnitude791
of this potential dose reduction or injuries that will be avoided as a result of these features.792

793
Alternatives:  Several alternatives were considered to these requirements and rejected.794

795
• No change to the current requirement – This alternative would not address the need that has796

been recognized to provide users of fluoroscopic x-ray systems with additional information797
and assistance to reduce radiation exposure and to avoid radiation injuries.  As many798
fluoroscopic procedures now require extended period of exposure, it has become widely799
recognized that users need tools that will enable them to be aware of the amount and extent800
of fluoroscopic exposure during the procedure so that appropriate clinical decisions can be801
made.802

803
• Rely on a voluntary international  standard – A voluntary international standard is currently804

under development for x-ray systems designed for interventional radiology.  FDA has805
actively participated in the development of this standard.  However, this international806
standard in not yet finalized, will not apply to all fluoroscopic x-ray systems and will not807
provide assurance that all fluoroscopic x-ray systems sold in the U.S. have the radiation808
safety features thought to be necessary and incorporated in the voluntary standard and in809
these proposed amendments.810

811
• Require display of information related to “dose-area product” rather than air kerma – This812

approach to the type of information to be displayed was considered and rejected.  The813
entrance air kerma rate and cumulative air kerma were judged to be more relevant to the814
need to provide immediate information to the user that is related to the potential for skin815
injuries, to thresholds for fetal mental retardation when patients may be pregnant, and to the816
risk for radiation-induced cancer morbidity and mortality.817

818
819
820
821
822
823
824
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825
826
827
828

Manufacturers’ costs
     Nonrecurring costs 20 manuf. x $500,000 per

manuf. = $10,000,000
$10,000,000

     Annual costs to
manufacturers based on per
system production costs

$8,000 per system x 4,200
systems per year =
$33,600,000

$33,600,000

Regulatory agency cost
     Nonrecurring FTE cost 4.0 FTE x $117K = $468K $468,000
     Other nonrecurring costs
     Annual FTE cost 2.0 FTE x $117K = $234K $234,000
     Other annual cost

829
830
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831
9.  Amendment to Require “Last-Image Hold” Capability on All Fluoroscopic Systems832

833
Requirement:  This amendment will require that all fluoroscopic x-ray systems be provided834
with means to temporarily display the image acquired at the end of each fluoroscopic exposure835
sequence.836

837
Those Affected:  This amendment would apply to all manufacturers of fluoroscopic x-ray838
equipment.839

840
It will affect all manufacturers of fluoroscopic equipment who do not now provide the capability841
for last image hold (LIH) on all equipment models.  A review of the World Wide Web sites of842
eleven of the major manufacturers of fluoroscopic systems was made to determine the proportion843
of currently marketed fluoroscopic x-ray systems that provide the LIH capability as a feature or844
as an option.  Of the eleven manufacturers, only one for the smaller firms does not describe a845
LIH feature as being available.  Of the total of 70 models of currently marketed fluoroscopic846
systems from these eleven manufacturers, the web sites describe 64 of these as having LIH847
available as a standard feature or as an option.  The other manufacturers of fluoroscopic systems848
not included in this review of web sites market only a very small fraction of the systems sold.  It849
is recognized that to a very large extent most of the high-end fluoroscopic equipment now being850
offered has this capability or it is available as an option.  On the other hand, low-end851
fluoroscopic devices, such as small portable C-Arms do not always have such capability.  As a852
result, these will be the most affected by this requirement.853

854
Cost to Manufacturers :  The cost to manufacturers that will result from this amendment will855
occur to manufacturers that do not currently provide LIH capability on their systems.  These856
costs will consist of the non-recurring costs to redesign systems and production to provide this857
feature on all systems.  There will also be recurring, per system costs associated with the added858
expense cost of components and production to provide LIH for each system that currently does859
not provide this feature.860

861
An upper limit to the non-recurring costs can be estimated by assuming that no more than 10862
manufacturers will be required to develop new designs for LIH and that each of these redesign863
efforts will cost $100,000 per manufacturer, resulting in an upper bound for this cost of864
$1,000,000.865

866
The proportion of fluoroscopic systems currently marketed that are provided with a LIH867
capability is not known, however this is an increasingly common feature.  The majority of868
systems currently marketed are thought to be provided with this feature.  An upper limit on the869
annual costs to provide this feature on systems that otherwise would not be equipped with LIH870
can be made by assuming that one-half of the systems installed annually (about 2,100 systems)871
do not currently have LIH and would require that this feature be added.  This is very likely a872
significant overestimation of the number of systems that will require the addition of LIH, and873
will therefore provide an upper limit on the cost of this feature.  It is estimated that the additional874
component and production costs per systems for this feature will be less than $2,000 per system.875
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Thus, the addition of this feature would result in an additional cost of no more than $4,200,000876
annually.877

878
Cost to Regulatory Agencies:  The cost of this requirement for the FDA is expected to be879
minimal.  The review of initial reports will be modified to include review for this feature and the880
enforcement can be simply the addition of a check for the presence of the last-image hold881
capability on fluoroscopic systems manufactured after the date this regulation takes effect.  It is882
estimated that these efforts will require a one-time effort of 0.2 FTE to modify procedures.883

884
Benefits:  The primary benefit of this capability is the reduction of total x-ray exposure to a885
patient (and scatter to the user) during an examination or procedure that uses fluoroscopy.886

887
Experience with fluoroscopic systems indicates that often the user needs to examine a static888
image for a period of time to study what is being presented and/or to decide what should be the889
next step in the ongoing procedure.  Without last-image hold, the patient must be irradiated for890
the entire time these analyses are being performed.  With last-image hold, no radiation is being891
delivered to the patient during these period of review and analysis, and the analysis can be892
performed more thoroughly without fear of overexposure.  Minor benefits are less wear on the x-893
ray tube and less power consumption.894

895
Alternatives:   Two alternatives were considered to these requirements and rejected.896

897
• No change – This alternative was rejected as not providing the reduction in radiation898

exposure that will be possible through the proposed requirement.  The advances in computer899
technology make the provision of the LIH feature very affordable and a common feature on900
many current systems.901

902
• Applying the proposed requirement only to certain types of fluoroscopic systems, such as903

systems designed for interventional procedures – This alternative was rejected due to the904
difficulty in developing an appropriate performance-based requirement to identify the905
systems for which the requirement would be applicable.  In addition, the dose reduction906
potential of this requirement was considered to apply to all types of fluoroscopic systems and907
to be feasible at minimal cost.908

909
Manufacturers’ costs
     Nonrecurring costs Redesign by 10 manuf. at

$100,000 per manuf. =
$1,000,000

$1,000,000

     Annual costs to
manufacturers based on per
system production costs

2,100 systems annually  x
$2,000 per system =

$4,200,000

$4,200,000

Regulatory agency cost
     Nonrecurring FTE cost 0.2 FTE x $117K = $23.4K $23,400
     Other nonrecurring costs
     Annual FTE cost Minimal
     Other annual cost
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Summary of costs910
911

The table below summarizes the total non-recurring and recurring costs that are estimated to912
result from the proposed amendments.  The total non-recurring costs for manufacturers and FDA913
are estimated to be less than about $28,150,000 and $602,600 respectively.  These non-recurring914
costs for manufacturers will be recovered in the increased prices of fluoroscopic x-ray systems915
and will likely be spread over the life of the produced models.  Assumption of a period of 5 years916
for manufacturers to recover these costs, which are primarily due to redesign, will result in an917
additional annual cost for fluoroscopic x-ray systems of about $5,750,000.  Combining this918
annual estimate with the maximum estimate of annual recurring costs for manufacturers of about919
$43,534,000, gives an upper limit of $49,284,000 for the annual cost to manufacturers of these920
proposed amendments.921

922
Estimate of total costs923

924

Section

Non-recurring
costs to

Manufacturers
($ millions)

Non-recurring
costs to FDA

($ thousands)

Annual costs to
Manufacturers

($ millions)

Annual costs to
FDA

($ thousands)
1. none 5.9 none none
2. none 23.4 none none
3. 1.0 none 0.084 11.7
4. 9.0 11.7 0.650 none
5. 7.0 46.8 5.0 none
6. none none none none
7. 0.150 23.4 none none
8. 10.0 468.0 33.6 234.0
9. 1.0 23.4 4.2 none

Total 28.150 602.6 43.534 245.7
925
926


